Arterioportal vascular anomalies are communications between the splanchnic arteries and the portal system that represent a rare cause of presinusoidal portal hypertension in small animals.
INTRODUCTION
In people, vascular malformations are subdivided into two categories:
slow-flow and fast-flow malformations. Slow-flow malformations represent anomalous connections among capillary, venous, and lymphatic components. High-flow vascular malformations contain arterial components in combination with other vascular structures. 1 Arteriovenous fistulae and arteriovenous malformations are both high-flow anomalies. Arteriovenous fistulae have a direct connection between the artery and vein without any intervening network and are usually acquired lesions secondary to trauma, surgical interventions, and neoplasia. [2] [3] [4] [5] [6] Alternatively, arteriovenous malformations have a dense network of abnormal vessels representing the arteriovenous communication, called a "nidus". Arterioportal vascular anomalies are communications between the splanchnic arteries and the portal system that represent a rare cause of presinusoidal portal hypertension in small animals. 7, 8 Computed tomography (CT) angiography or selective fluoroscopic angiography allow direct visualization of the canine hepatic and related vasculature .7,8 Previously reported CT findings in dogs with arterioportal communication have included enlargement of the afferent artery, ascites (commonly), acquired porto-systemic shunts, aneurysmatic dilation of the portal vessels, and intrahepatic biliary ducts mineralizations. 8 Fluoroscopy has been reported to allow better visualization of the actual flow through lesions and the communication between vessels. Potential treatment options for arteriovenous and arterioportal communications have included embolization or ligation of the dominant outflow vein, resection of one or more hepatic lobes, or transarterial embolization with cyanoacrylate glue. 9 At the time of this study, no anatomic classification criteria for arterioportal communications could be found for use by veterinary radiologists and surgeons.
The aims of this study were to describe the CT imaging findings of arterioportal communications in a group of cats and dogs, and to propose a classification based on the CT angiographic anatomy.
MATERIALS AND METHODS
This was a retrospective descriptive multicentric study. Medical Dogs were included if abdominal CT angiography studies with both pre-and postcontrast images were available for review. Subject inclusion or exclusion decisions were made based on a consensus of two board-certified veterinary radiologists (S.S. and F.R). All examinations were undertaken as part of clinical practice, and hospital directors approved use of data. Images were analyzed by two board-certified veterinary radiologists (S.S and F.R.) and an imaging intern (S.M.) through a two-step approach using a DICOM viewer software (Osirix DICOM viewer, Pixmeo, Geneva Switzerland). The collected data included contrast bolus direction when arterial and portal phases were available (performed through the evaluation of the attenuation in the cranial and caudal abdominal aorta and in the vessels of the cranial and caudal aspect of the portal system), localization of the arterioportal communication (as intra or extra-hepatic), identification of the afferent artery (or arteries) and efferent vein(s), change in diameter of the aorta caudal to the afferent artery, subjective enlargement of the afferent artery, aneurysmatic dilatation of the portal branches (defined as subjectively saccular or fusiform dilatation of the portal system), segmental or diffuse microhepatia, acquired portal collateral circulation, presence of indirect imaging findings of portal hypertension (ascites, pancreatic edema, gastric wall edema and gallbladder wall edema), biliary abnormalities (intra-or extrahepatic biliary ducts dilatation and/or cholelithiasis), and/or presence of other concomitant abdominal vascular abnormalities. References for normal abdominal vascular diameters are not reported in veterinary medicine. For this reason, the vascular diameter was subjectively classified as normal or increased based on previously reported qualitative criteria. 8 In order to propose a computed tomographic classification for the anatomical appearance of arterioportal communications, images were reviewed multiple times looking for repetitive anatomical patterns until observers reached a consensus on anatomical-based classification criteria. When available, the presence of portal hypertension through direct invasive catheterization of the portal vein was recorded. For inclusion in this study, portal hypertension had to have been measured using a 4Fr Cobra catheter, a 0.035 ′ ' angled hydrophilic guide wire combination (Infiniti Medical, LLC, Redwood City, CA) and fluoroscopic guidance to selectively access the shunt and/or portal vein. Portal pressure was recorded through the end-hole of a Cobra catheter.
RESULTS
Thirty-six patients were included (12 See Table 1 As previously reported, we commonly observed an increased size of the afferent artery. 8 This is due to low resistance to blood flow through the arterioportal communication compared to the blood flow resistance in arteries, capillaries, and hepatic sinusoids with secondary increased blood volume through the afferent vessel over time. There is also "siphoning" of blood from the nearby normal vessels into the arterioportal communication contributing to the enlargement of the afferent artery and with secondary decreased oxygenation of the adjacent organs, also called "blood steal phenomenon". 8, [10] [11] [12] [13] [14] The "blood steal phenomenon" causes decreased blood flow in the arteries adjacent to the arterioportal communication explaining the abrupt decreased F I G U R E 2 Three-dimensional volume-rendered CT image illustrating the arterial phase of a dog with intra-hepatic left divisional and medial arterioportal malformation (A). Note the dense network of tortuous vessels (black arrow) representing the "nidus". Schematic representation of the portal branches (B) and hepatic lobes (C) involved in the intra-hepatic left divisional and medial arterioportal malformation. A and B, RM, right medial portal branch; Q, quadrate lobe portal branch; LM, left medial lobe portal branch; LL, left lateral lobe portal branch; PP, papillary process portal branch; RL, right lateral portal branch; Ca, caudate lobe portal branch. C, RM, right medial hepatic lobe; Q, quadrate hepatic lobe; LM, left medial hepatic lobe; LL, left lateral hepatic lobe; PP, papillary process: RL, right lateral hepatic lobe; Ca, caudate hepatic lobe. A, LGv, left gastric vein; Sv, splenic vein; LCv, left colic vein [Color figure can be viewed at wileyonlinelibrary.com] diameter of the aorta and cranial mesenteric artery observed in this study and as previously reported by Zwingenberger et al. 8 Aneurysmatic dilatation of the portal vein and its branches was a common finding in patients with intrahepatic arterioportal malformations. Aneurysmatic dilatation of the cranial mesenteric vein was also observed in a patient with extrahepatic arterioportal fistula. Aneurysmatic dilatation of the portal vein and of its intrahepatic branches has been previously reported alone 15 or associated to other concomitant vascular diseases. 8, [16] [17] [18] As reported in humans, aneurysmatic dilatation of the portal vein and its branches has likely resulted from chronic portal hypertension and turbulent arterial flow with secondary weakening of the wall with progressive thickening of the intima and replacement by fibrous tissues. [19] [20] [21] Ascites was a frequent finding. Factors that contribute to ascites formation are portal hypertension and hypoproteinemia. Portal pressure was invasively evaluated in 12/35 patients confirming the presence of portal hypertension. We did not retrospectively evaluate the total proteins and albumin levels in these patients.
However, we presume that the association of arterial "blood steal phenomenon" and portal hypertension may have caused venous congestion of the gastrointestinal tract with secondary malabsorption in the small bowel and possible hypoproteinemia as previously reported. 8 Presence of microhepatia was a frequent finding. We presumed microhepatia was related to the decreased amount of blood reaching the hepatocytes due to "blood steal phenomenon" in the hepatic artery and portal hypertension with hepatofugal flow. With "blood steal phenomenon" the arterial blood bypasses the arterial capillaries with decreased amount of oxygen to the hepatocytes. 8 The presence of portal hypertension, similar contrast bolus dynamic in the aorta and portal vein during the arterial phase and acquired porto-systemic shunt suggest hepatofugal flow that may also have contributed to decreased oxygen and nutrients to hepatocytes. Multiple extrahepatic arterioportal fistulae were observed in one patient. The presence of multiple concomitant vascular anomalies is related to the common embryological origin of these vessels, and developmental abnormalities may affect multiple vessels as previously reported. 22 One patient with extrahepatic arterioportal fistula had multiple healed Variable patterns of portal collateral circulation have been observed in our cohort of dogs reflecting the previously proposed classification. 16 We observed gallbladder varices only in patients with arterioportal malformations with an intrahepatic left-divisional and medial conformation. Interestingly, also in a previous study concerning acquired portal collateral circulation due to different causes, gallbladder varices were observed only in a patient with an intrahepatic arterioportal malformation. 16 The arterial perfusion of the gallbladder has been previously described as originating from the left medial branch of the left hepatic artery or directly from the left hepatic artery. 23, 24 The right medial branch of the hepatic artery is also responsible for the perfusion of the right medial lobe, dorsal portion of the quadrate lobe, and part of the left medial lobe. 25 Little information is available concerning the venous drainage of the gallbladder wall in small animals. In humans, the gallbladder wall drainage consists in multiple cystic/cholecystic veins that drain mainly within the portal system to subsequently join the middle or right hepatic veins. 26 We observed enlargement of the portal branches of the right medial and quadrate lobes in patients with gallbladder varices and intrahepatic left-divisional and medial arterioportal malformation. Our hypothesis is that gallbladder varices in these patients do not represent collateral portal circulation but enlargement of the venous and arterial capillary bed due to direct involvement of these vessels in the arterioportal malformation nidus with secondary increased blood flow. The enlargement of the portal branches of the right medial and quadrate lobe suggests that these branches are responsible for the gallbladder wall venous drainage in these patients.
Gallbladder, intra-and extrahepatic biliary tract distension, and cholelithiasis of the gallbladder were observed. Biliary ischemia due to arterioportal shunt is recognized in human as cause of biliary dilatation, biliary cyst, or strictures. 27 Our hypothesis is that these conditions may have predisposed to biliary tract distention and cholelithiasis of the gallbladder. In dogs with portosystemic shunts, arteriolar proliferation and biliary hyperplasia have been reported and could also play a role in the development of biliary abnormalities. 28 Arterioportal malformation with concomitant congenital intrahepatic portosystemic shunting was detected in two patients with no ascites and no portal collateral circulation. We believe that the absence of ascites in these patients is due to the arterial blood entering the caudal vena cava directly, bypassing the portal system, with lack of portal hypertension signs compared to patients with arterioportal malformation only. Cat: images were acquired in helical scan mode, with a pitch of 1, slice thickness of 1 mm, 0.6 s tube rotation time, 120 kV, and 190 mAs Dog: images were acquired in helical scan mode, with a pitch of 2, slice thickness of 2 mm, 0.6 s tube rotation time, 120 kV, and 190 mAs.
Contrast-enhanced images were obtained using a dosage of a dosage of 2 mL/kg of Iohexol (Omnipaque 350 mg I/mL, GE healthcare S.r.l., Milan, Italy).
University of Edinburgh teaching hospital
4-Row MDCT unit (Somatom Volume Zoom, Siemens, Germany)
The plain transverse images of the abdomen were acquired in helical mode using the following scanning parameters: 3 mm slice thickness, tube current of 100-180 mA, tube voltage of 120 kVp and 512 × 512 martix.
Contrast-enhanced images were obtained using a dosage of 2 mL/kg of Iopamidol (Niopam 370 mg I/ml, Bracco, Patheon Italia S.p.A., Ferentino (FR), Italy). Contrast-enhanced images were obtained using a dosage of 2 mL/kg of Iobitridol (Xenetix 350 mg I/mL, Guerbet, France).
NC State Veterinary Hospital 64-Row MDCT unit (Somatom Emotion, Siemens, Forchheim, Germany)
The images were acquired in helical scan mode, at 120-130 kV, 500-200 mAs and 1 mm slice thickness.
Contrast-enhanced images were obtained using a dosage of 4 mL/kg of Iohexol (Ominipaque 350 mg I/mL, Nycomed Inc., Princeton, NJ 08540).
Alfort Veterinary School (France) 16-Row MDCT unit (General Electric, GE Bright, Speed 16 TM)
The images were acquired in helical scan mode, at 100 kV, 250 mAs, a pitch 0,625, 1,5 mm slice thickness and rotation time 0,5 sec.
Contrast-enhanced images were obtained using a dosage of 2 mL/kg of Iopamidol (Iopamiron 300 mg I/mL, Bracco Imaging France, Courcouronnes, France).
